The objective of this study was to characterize the structure and function of microbial communities in surface seawater from the Changjiang Estuary and adjacent areas, China.
INTRODUCTION

36
Bacterioplankton communities are an important microorganisms in the marine 37 ecosystems, which greatly affect material cycling, energy flow and the ocean food web. 
43
The Changjiang Estuary, also called the Yangtze River. It located offshore from the 44 mouth of the Changjiang River. ). Because of the mixture of Changjiang Dulited 45 Water with the Taiwan Warm Current (TWC), this region is extremely complicated and 46 dynamic (Jiao et al. 2007 ; Zhang et al. 1999 ). Many studies on bacterial diversity in the 47 Changjiang Estuary have focused on ammonia-oxidizing bacteria (AOB), For example, 48 molecular biological techniques were used to analyze the community structure and diversity of 49 AOB in Changjiang Estuary sediments and adjacent waters in the East China Sea (Chen et al. 50 2014). Liu reported a relationship between bacterial abundance and concentrations of phosphate 51 in the Changjiang River (Liu et al. 2009 ). Sala, Vieira and colleagues studied the spatial 52 distribution of bacterial communities (Sala et al. 2008 ; Vieira et al. 2008) . However, there is 53 relatively little information on the diversity and abundance of the whole bacterial population in 54 surface seawater of the Changjiang Estuary and adjacent areas. A growing number of studies 55 have focused on the functional potential of bacteria in marine sediments (Graves et al. 2016;  56 Kirchman et al. 2015) . Information on the function of microbial communities in the surface 57 seawater are poorly understood.
58
In this study, we used high-throughput sequencing technology targeted to 16S rDNA 59 genes to analyze bacterial diversity and used predicted metagenomic analysis to compare 60 microbial functions. Meanwhile, we estimated the bacterial biomass based on 4,6-diamidino-2-61 phenylindole (DAPI) fluorescence direct counts, and used clustering analyses to assess the 62 correlations between bacterial community structure, functions and environmental factors. Our 63 research is of benefit for understanding the bacterial abundance, diversity , functions and 64 distribution in the Changjiang Estuary and adjacent waters. 
MATERIALS AND METHODS
67
Sampling areas and sampling
68
In July 2015, samples were collected using an SBE 32 sampler (Sea-Bird Electronics, 69 Washington, USA) at 2 m depth in surface seawater from 12 sites in the Changjiang Estuary and 70 adjacent areas (Figure 1) . Table 1 lists the latitude and longitude of the sampling sites. Samples 71 for DAPI fluorescence examination were collected in 10-mL sterile cryopreservation tubes, 72 preserved with buffered glutaraldehyde (final concentration 1%), and stored in the dark at 73 ambient temperature for 15 min. Subsequently the samples were stored in airtight plastic bottles 74 at −20°C for the duration of the cruise, and at −80°C after returning to the laboratory. Samples 75 for DNA isolation were collected using a vacuum pump suction filter with a vacuum of 20 kPa 76 (Porter & Feig 1980) . One liter samples were filtered first through 3-μm then 0.22-μm pore size 77 polycarbonate nucleopore membranes (Merck Millipore Ltd., USA). The 0.22-μm filters were 78 preserved in 5-ml sterile cryopreservation tubes at −20°C during the cruise and at −80°C after 79 returning to the laboratory.
80
Environmental parameters
81
Samples were pretreated according to specifications for marine monitoring (National 86 Chemical oxygen demand (COD) was measured using the alkaline potassium permanganate.
87
DAPI fluorescence direct counts
88
Seawater samples were stained with DAPI by adding 1 mL of pretreated sample to 1 mL 89 of 20 μg/mL DAPI. Staining was performed in a darkened room over 30 min with occasional 90 swirling of the reaction tube. The mixed solution was then passed through pre-wetted black 91 polycarbonate nucleopore membrane filters (pore size 0.2 μm) using a 5-mL syringe fitted with a 92 needle. The membrane was observed under a fluorescence microscope using a flat-field 100× oil 93 immersion lens, and a minimum of 30 cells per filter were counted in a minimum of 20 fields of 94 view. Bacterial density in the original sample was calculated by using the formula (cell/mL) = (N 
RESULTS
135
Environmental parameters and bacterial counts 136 The environmental parameters measured are given in 160 (0.2%), and unassigned (0.3%). "Others" were present in very low abundance. In current study, 161 Proteobacteria were the major component in each library, followed by Actinobacteria and 162 Bacteroidetes. Alphaproteobacteria (38.7%) and Gammaproteobacteria (22.8%) were the 163 predominant classes observed and were in each samples. Firmicutes, SBR1093, Tenericutes, and 164 ZB3 were also detected in all samples (with very low abundance).
165
Similarity of bacterial communities in the seawater samples 166 The heatmap in Figure 4 shows the abundance of the bacteria in the 12 samples. 
Diversity of bacteria
239
We used 16S rDNA gene sequences, which were analyzed according to a taxon cutoff set 240 at 97% similarity, to assess the biodiversity of bacterial communities in this environment. (Barns et al. 2007 ). In addition, such bacteria are 280 commonly abundant in the terrestrial environment, such as the soil (Wang et al.,2010) . In our 281 study, these four sites were close to the estuary and affected by terrigenous, which led to the 282 higher abundance of Acidobacteria. 294 DO had the most significant correlations with the bacterial communities in our study. In our 295 study, we found that NH 4 + had no correlation with the bacterial community structure. Recent 296 study has revealed that the bacterial ability of using NO 3-was higher than we thought 297 (Middelburg & Nieuwenhuize 2000). The high abundance of NO 3-could meet the needs of the N 298 source for the bacteria, which weakens the bacteria dependence on nitrogen. We also observed 299 that PO 4 3-, DO and COD were markedly associated with microbial functional diversity.
300 Interestingly, from the Mantel test, we found that the functional genes was significantly 301 correlated with environmental conditions than the taxonomic genera, indicating that functional 302 gene patterns may be more sensitive to environmental conditions than taxonomic composition.
303 Similarly, functional genes appeared to be more appropriate than 'species' information in 304 addressing questions regarding bacterial community assembly (Burke et al. 2011 
